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Description 

This invention relates to a heat conductive material 
having good heat conductivity and to a method for pro- 
ducing the same, such heat conductive material being 
intended for cooling electronic parts, such as LSIs, chip 
condensers, chip resistors, etc., as well as circuit sub- 
strates with electronic parts thereon when being pack- 
aged. 

Recently, as LSI chips, etc. have become more in- 
tegrated and operate faster, the heat generated by the 
LSI chips has increased, and it has increasingly been 
required to cool positively the electronic parts. Presently, 
water cooling bellows or heat dissipation fins are provid- 
ed on devices and substrates, or cooling channels are 
provided in circuit substrates, so as to decrease temper- 
atures of the devices and substrates as much as possi- 
ble. 

A conventional method for cooling electronic parts 
by means of a water cooling bellows will be explained 
with reference to FIGs. 10A and 10B of the accompany- 
ing drawings. 

In the conventional practice, cooling of electronic 
parts has taken place using water cooling bellows 1 8 pro- 
vided in intimate contact with or adhered to the upper 
surfaces of LSI chips 12 mounted on a circuit substrate 
10 having an elastomeric heat conducting sheet 14 (Fig. 
10A) or a thermal composition 1 6 (Fig. 10B) formed of a 
silicone rubber material intermediate therebetween. 
Thus a material of high thermal conductivity is inserted 
between the water cooling bellows 18 and the LSI chips 
12 so that the efficiency of the heat dissipation/cooling 
is improved. 

Fig. 11 of the accompanying drawings shows the 
cooling of circuit substrate 1 0 with a number of electronic 
parts mounted thereon, such as LSI chips 1 2, etc. A plu- 
rality of LSI chips 12 is mounted on the upper surface of 
the circuit substrate 10, and an array of heat dissipation 
fins 20 for radiating heat generated by the LSI chips is 
secured to the underside of the substrate 10 by an ad- 
hesion layer 22. In this case, as well as with the conven- 
tional arrangements of Fig. 1 0A or Fig. 1 0B, use is made 
of an adhesive (layer 22 in Fig. 11), or other material, 
with powder of a high heat conductive material distribut- 
ed therein, for improving efficiency of the cooling. 

The elastomeric heat conductive sheet 1 4, the ther- 
mal composition 1 6 and the adhesive layer 22 with pow- 
der of a high heat conductive material distributed therein 
all contain an organic resin as the base material. This is 
based on the following reason. 

When the surfaces that the LSI chips 1 2 and the wa- 
ter cooling bellows 18 contact are rough, efficiency of the 
cooling deteriorates. A resilient material which can "flow 0 
so as to fill in gaps in the interface between the LSI chip 
12 and the water cooling bellows 18 and which can im- 
prove the intimacy of contact therebetween, is preferred. 
Because it is preferred, at the same time, that the heat 
conductive material returns to its original shape when re- 



moved, materials, such as metal, ceramics, etc., are not 
suitable, and organic polymers having rubber-like prop- 
erties are suitable. 

When an adhesive containing powder of a thermal 
5 composition 1 6 or a highly heat conductive material dis- 
tributed therein is used, it is preferred that stresses due 
to thermal expansion differences between the members 
bonded by the adhesive be mitigated during heat- 
ing/cooling, or when temperature increases occur when 
electronic apparatuses are being used. To this end, or- 
ganic polymer materials, which can be bonded at low 
temperatures and can mitigate stresses after bonding as 
a result of their own flexibility are preferred. 

A heat conductive material other than organic poly- 
mers is the heat conductive material described, for ex- 
ample, in Japanese Patent Laid-Open Publication No. 
28264/1984, comprising a liquid silicone carrier and 
powder of a highly heat conductive material, such as AIN, 
mixed therewith for thermal conductivity improvement. 

The heat conductive material described in Japanese 
Patent Laid-Open Publication No. 74503/1993 uses liq- 
uid metal which is liquid at room temperature to obtain 
high thermal conductivity. 

While the cooling efficiency of such cooling devices 
has been improved, this has been in the context of elec- 
tronic parts packaging methods replacing conventional 
soldering. When packaging electronic parts made by sol- 
dering, when the electronic parts and the circuit sub- 
strate have different heat expansion coefficients, stress- 
es occur at the connections therebetween due to heating 
of the electronic parts during soldering and when oper- 
ating, and in the worst cases the connections may break. 

An electronic parts packaging method in which con- 
ventional soldering is replaced is described in, e.g., Jap- 
anese Patent Laid-Open Publication No. 190219/1993. 
This method uses liquid metal at connections between 
the electronic parts and the circuit substrate. According 
to this method, even when stresses are set up in the con- 
nections between the electronic parts and the circuit sub- 
strate due to the heat expansion coefficient difference 
between the two, the liquid metal at the connections suf- 
ficiently mitigates the stresses and the occurrence of 
breakage of the connections. 

Moreover, the recent reduction in size and further 
development of electronic apparatuses has enabled 
electronic parts to be packaged with higher density, with 
the result that the heat generated per circuit substrate is 
drastically increased. 

The conventional cooling methods for the electronic 
parts and the circuit substrates use adhesives of organic 
polymeric materials which do not have sufficient thermal 
conductivity and cannot provide sufficient heat dissipa- 
tion. 

In the method for producing a heat conductive ma- 
terial by mixing a finely divided highly heat conductive 
material, such as AIN, within a liquid organic material for 
improvement of heat conducting efficiency, it is difficult 
to distribute uniformly the fine powder, which tends to ag- 
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gregate. Thus aggregates of the powder occur in the mix- 
ture, and bubbles are generated between bodies of ag- 
gregated material. 

When using liquid metal as the heat conductive ma- 
terial, stresses generated between the cooling device 
and the adhered members can be mitigated. However, 
it is difficult to use liquid metal over a long period of time, 
as it tends to become oxidized, hydroxidized and corrod- 
ed. The corroded liquid metal has lowered thermal con- 
ductivity and the cooling efficiency of the cooling device 
deteriorates. The same problem arises when packaging 
electronic parts using liquid metal, the liquid metal tends 
to be oxidized, hydroxidized and corroded. The liquid 
metal cannot be used stably for a long period of time and, 
when corroded, leads to drastically increased electrical 
resistance, and connections having increased contact 
resistance. 

It is an object of this invention to find a new heat con- 
ductive material for reliable use in the aforementioned 
situations. 

This invention provides a heat conductive material 
comprising: 

an organic material which is liquid at room temper- 
ature; and either 

(a) a metal or an alloy which is liquid at room tem- 
perature and which is distributed throughout the 
organic material; or 

(b) fine powder of a highly heat conductive material 
dispersed in the organic material. 

It is preferable that the volume percentage of the liq- 
uid metal or alloy or fine powder is within the range of 
35-50 vol%. 

In the above-described heat conducting material, it 
is preferable that the organic material is silicone oil, 
polyphenyl ether, or perfluoroalkyl polyether. 

The metal or alloy which is liquid at room tempera- 
ture is preferably gallium, a gallium-indium alloy, or a gal- 
lium-tin alloy. The fine powder of the highly heat conduc- 
tive material is typically a fine powder of a metal or an 
alloy, such as aluminium, silver, copper, an aluminium 
alloy, a silver alloy, or a copper alloy. However, the fine 
powder may be formed of a different type of heat con- 
ducting material, such as aluminium nitride, boron ni- 
tride, or silicone carbide. 

A method of producing such heat conductive mate- 
rial comprises: 

a mixing step for mixing the metal or alloy which is 
liquid at room temperature, or the fine powder, with the 
organic material; and 

a dispersing step for dispersing the liquid metal or 
alloy or the fine powder throughout the organic material. 

For cooling electronic parts constituting an electric 
circuit, the electronic parts are placed in contact with a 
cooling device by means of a heat conductive material 
as above-described, and the electronic parts are cooled 



by operating the cooling device. 

For cooling a circuit substrate with electronic parts 
packaged thereon, the circuit substrate is placed in con- 
tact with a cooling device by means of a heat conductive 
s material, as above-described, and the circuit substrate 
is cooled by the operating the cooling device. 

Finally, electronic parts may be supported when be- 
ing packaged by forming connection pads on the surface 
of a circuit substrate and placing the connection pads in 
contact with connection terminals of the electronic parts 
by means of a heat conductive material as above-de- 
scribed. 

According to one embodiment of the present inven- 
tion, a liquid metal having thermal conductivity higher 
than a conventional organic polymeric material is mixed 
in a liquid organic material, whereby a heat conductive 
material having high thermal conductivity can be formed. 
The heat conductive material, in which the dispersed liq- 
uid metal is surrounded by the liquid organic material and 
shielded or protected from outside influences, can have 
good oxidation resistance and hydroxidation resistance 
and can retain high conductivity for a long time. 

The heat conductive material, in which the liquid 
metal is uniformly distributed in the liquid organic mate- 
rial, is a viscous emulsion which adheres at room tem- 
perature to material to which it is applied. Its viscosity 
prevents its leaking from between an object to be cooled 
and the cooling device. 

Parallel behaviour is observable when using a highly 
heat conductive fine powder having higher thermal con- 
ductivity than the conventional organic polymeric mate- 
rial mixed into the liquid organic material. The product 
itself can have high thermal conductivity Such heat con- 
ductive material, in which the highly heat conductive fine 
powder is uniformly distributed in the liquid organic ma- 
terial without aggregation, and which becomes a viscous 
emulsion also adheres to substrates at room tempera- 
ture and can have a viscosity such that it does not leak 
from between an object to be cooled and a cooling de- 
vice. 

Such second type of heat conductive material, in 
which the metal fine powder is surrounded by the liquid 
organic material and shielded from outside environ- 
ments, can also have good oxidation resistance and hy- 
droxidation resistance and can retain high thermal con- 
ductivity for a long time. 

Owing to the elasticity or resilience of the heat con- 
ductive material, even when the interface between an 
object to be cooled and the cooling device is rough, the 
gaps in the rough interface can be filled with the result 
that heat can be efficiently conducted. 

Furthermore, electronic parts, or a circuit substrate, 
and a cooling device can be adhered to each other by 
means of the heat conductive material of high thermal 
conductivity, whereby the cooling efficiency of the cool- 
ing device can be enhanced. 

By connecting electronic parts to a circuit substrate 
using the emulsified connection material having high 
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thermal conductivity, when the temperature of the elec- 
tronic parts has risen, the connection material can ab- 
sorb stresses at connections even in the presence of a 
heat expansion coefficient difference between the elec- 
tronic parts and the circuit substrate. The connection ma- 
terial has some viscosity which prevents the heat con- 
ductive material from leaking from between the electron- 
ic parts and the circuit substrate. This combination of fea- 
tures enables packaging of electronic parts with reliable 
connections to circuit substrates to be realised. 

The connection material which connects the circuit 
substrate and the electronic parts is a fluid composite 
material comprising the liquid metal, or fine conductive 
powder, and the liquid organic material, so that the con- 
nection material has large contact areas at the connec- 
tions. Even when the connections are reduced in size, 
the electronic parts can be stably packaged. The liquid 
metal or fine powder, which is surrounded by the liquid 
organic material, is shielded from outside environments, 
and can have good oxidation resistance and hydroxida- 
tion resistance. Accordingly, the connection material can 
be used as a connection material of low electric resist- 
ance which can last for a long time. 

In addition, the connection material which connects 
electronic parts and a circuit substrate is an emulsion, 
so that the electronic parts and the circuit substrate can 
be connected at room temperature without the need for 
any heating or cooling. 

For a better understanding of the invention, and to 
show how the same may be carried into effect, reference 
will now be made to Figures 1 -9C of the accompanying 
drawings, wherein:- 

Figs. 1 A and 1 B show steps in the production of a 
heat conductive material embodying the present 
invention; 

Fig. 2 is a schematic view of the cutter unit of a 
homogenizer used for producing the heat conduc- 
tive material according to the present invention; 

Fig. 3 is a diagrammatic view (in section) of a meas- 
uring device for measuring the cooling capacity of a 
heat conductive material according to the present 
invention; 

Fig. 4 is a graph showing the relationship between 
surface temperature increase of a model chip and 
heating power output by a heater, incorporating/not 
incorporating a heat conductive material of a first 
type according to the present invention; 

Fig. 5 is a graph showing the time dependence of 
the heat resistance of a heat conductive material of 
the first type according to the present invention when 
left in a humid environment; 

Fig. 6 is a graph showing the relationship between 



surface temperature increase of a model chip and 
heating power output by a heater incorporating/not 
incorporating a heat conductive material of a second 
type according to the present invention; 

Fig. 7 is a graph showing the relationships between 
surface temperature increase of a model chip and 
heating power output by a heater incorporating/not 
incorporating a heat conductive material of a third 
type according to the present invention; 

Fig. 8 is a graph like that of Fig. 5 but produced for 
a heat conductive material of the third aforesaid 
type; 

Figs. 9A to 9C show schematically the steps 
involved in packaging electronic parts using a heat 
conductive material embodying the present inven- 
tion. 

Referring to the drawings, Figs. 1 A and 1 B show 
steps in the production of a heat conductive material em- 
bodying the invention. 

In this method, a liquid metal or a liquid alloy which 
is liquid at room temperature is distributed in a liquid or- 
ganic material. The liquid metal may be a gallium (Ga) 
-indium (In) eutectic mixture, and the liquid organic ma- 
terial may be silicone oil. 

A liquid Ga-ln eutectic alloy 24 having a composition 
of 75.5 wt% of gallium and 24.5 wt% of indium is mixed 
with silicone oil 26 (Fig. 1A). Then, the Ga-ln eutectic 
alloy 24 and the silicone oil 26 are sufficiently agitated 
by the homogenizer 28 which chops and mixes the sam- 
ple (Fig. 1B). 

As shown in Fig. 2, the cutter unit of the homogenizer 
28 comprises an outer cylindrical cutter 28a, and an inner 
cutter 28b inserted therewithin. When mixing the sample, 
the inner cutter 28b is rotated at high speed to draw the 
same into the opening in the centre thereof to be 
chopped and injected vertically downward. 

The Ga-ln eutectic alloy 24 is mixed with the silicone 
oil 26 by the homogenizer 28 to be distributed therein in 
the form of fine spherical particles, below about 1 -u.m in 
size. The heat conductive material thus prepared by the 
homogenizer 28 is an emulsion, and has a viscosity 
which prevents the heat conductive material from leaking 
from between an object to be cooled and a cooling de- 
vice. 

When the Ga-ln eutectic alloy 24 is mixed with the 
silicone oil 26 in a small amount, the thermal conductivity 
is unsatisfactory, and the silicone oil 26 and the Ga-ln 
eutectic alloy 24 separate easily from each other. When 
the Ga-ln eutectic alloy 24 is mixed with the silicone oil 
26 in a large amount, the heat conductive material pro- 
duced is clay-like. To prepare the heat conductive mate- 
rial as an emulsion it is preferred that the Ga-ln eutectic 
alloy 24 and the silicone oil 26 aro mixed in substantially 
equal amounts. 
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The thermal conductivity of the thus-prepared heat 
conductive material was evaluated by the measuring de- 
vice shown in Fig. 3. 

Model chips 32 of silicon each with a resistance 
heater built in are soldered onto a circuit substrate 10 
formed of alumina and having metallized layers 30 for 
connecting electronic parts formed thereon. Then a cool- 
ing device 36 having a cooling channel 34 therein is put 
into contact with the underside of the circuit substrate 10 
with the heat conductive material 38 intermediate there- 
between. 

In this state, cooling water is passed through the 
cooling channel 34 of the cooling device 36 while a cur- 
rent is applied to a heater (not shown) built into the model 
chip 32, and surface temperature increases of the model 
chip 32 are measured. In this state, the heat conductive 
material 38 is left at 60°C in a humid environment of 
85%RH, and the transient thermal resistance of the heat 
conductive material is measured. 

Fig. 4 is a graph of relationship between surface 
temperature increases of the model chip 32 and the pow- 
er output of the heater determined according to Fig. 3. 
In the control in Fig. 4, a commercially available thermal 
composition 16 was used as the heat conductive mate- 
rial 38. As shown in Fig. 3, the cooling device 36 was 
made to contact the circuit substrate 10 with the heat 
conductive material 38 of the present embodiment inter- 
mediate the two. In this way, device temperature increas- 
es could be reduced in comparison with those of the con- 
trol using the thermal composition 16, for the same 
amount of heat energy from the heater. That is, the use 
of the heat conductive material 38 which was an emul- 
sion and had high thermal conductivity improves the 
thermal conductivity and cooling efficiency. 

Fig. 5 is a graph of the time dependence of the heat 
resistance of the model chip 32 when the model chip 32 
is left in a humid environment. The heat resistance of the 
heat conductive material 38 according to the present em- 
bodiment does not change even after the material 38 had 
been left in the humid environment for 1 000 hours. Thus, 
the Ga-ln eutectic alloy 24 is not oxidized or hydroxidized 
even in a humid environment, and retains heat dissipa- 
tion efficiency. 

Thus, according to the present embodiment, a Ga-ln 
eutectic alloy 24, which is a liquid metal having higher 
thermal conductivity than the conventional organic poly- 
mer material, is mixed in silicone oil 26 as a liquid organic 
material, whereby the heat conductive material 38 hav- 
ing good thermal conductivity can be prepared. 

In so doing, the mixed Ga-ln eutectic alloy 24 is sur- 
rounded by the silicone oil 26 and is isolated from an out- 
side environment so that the alloy 24 has good oxidation 
resistance and hydroxidation resistance, and the heat 
conductive material 38, whose high thermal conductivity 
can be sustained for a long period of time, can be pro- 
duced. 

As stated, to mix the Ga-ln eutectic alloy 24 in sili- 
cone oil, use may be made of an homogenizer, and the 



thus-prepared heat conductive material is a fairly viscous 
emulsion. Accordingly, the heat conductive material ad- 
heres to a substrate and can be prevented from leaking 
from between an object to be cooled and the cooling de- 
5 vice. 

When the interface between an object to be cooled 
and the cooling device is rough, the elasticity of the heat 
conductive material is such that it enter depressions in 
the rough interface, whereby heat can be efficiently con- 

10 ducted away. 

In the practice of the present invention the liquid met- 
al is preferably a Ga-ln eutectic alloy, but may be another 
liquid metal. For example, gallium metal and Ga-Sn al- 
loys may be used, and the same effects can be achieved. 

'5 The liquid organic material was a silicone oil, specifically 
silicone oil 26, but polyphenyl ether and perfluoroalkyl 
poly ether may be used. 

For example, when a eutectic alloy comprising Ga 
(92 wt%) and Sn (8 wt%) was used as the liquid alloy, 

20 and was mixed with an organic liquid by the homogeniz- 
er, then the liquid metal was distributed in the organic 
liquid in fine spherical particles, below 1-ujti in size. It 
was found that when the liquid alloy was employed in the 
organic liquid to 88 - 99 vol%, the resistance value of the 

25 heat conductive material was substantially the same as 
that of liquid metal, but the resistance value increased 
as the volume% decreased, and the resistance value ex- 
ceeded 100 mQ when the volume% was below 55 vol%. 
The composite material was neither oxidized nor hydrox- 

30 idized when it was left in an 85% RH (relative humidity) 
atmosphere. 

A second type of heat conductive material embody- 
ing this invention will now be described with reference to 
Figs 2, 3 and 6 with only features distinct from those al- 

35 ready discussed being described in detail. 

The second type of heat conductive material accord- 
ing to the present embodiment is characterized in that a 
finely divided non-metallic material of high thermal con- 
ductivity is distributed in a liquid organic material. Such 

40 material of high thermal conductivity is preferably alu- 
minium nitride (AIN), and the liquid organic material is 
silicone oil. AIN has a thermal conductivity as high as 
about 150-200 W/m.K. 

In the same way as with the first type of high thermal 

45 conductivity material, the composite material comprising 
70 wt% of AIN fine powder and 30 wt% of silicone oil 26 
was sufficiently mixed by a homogenizer 28. It is difficult 
to distribute fine powder uniformly, since it generally 
tends to aggregate, but the use of the homogenizer 28 

so prevents formation of aggregates of the fine powder and 
bubbles. The heat conductive material thus prepared by 
the homogenizer 28 is an emulsion and is viscous to pre- 
vent loss of the heat conductive material from between 
an object to be cooled and the cooling device. The heat 

55 conductive material is free from deterioration due to long 
term use. 

Such heat conductive material according to the 
present embodiment comprises a highly heat conductive 
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fine powder mixed in with th8 liquid organic material, and 
can be easily removed by a common solvent, such as 
ethanol. 

Fig. 6 shows the relationship between surface tem- 
perature increase and heating power output of the heater 
for this second type of heat conductive material deter- 
mined according to the method described with reference 
to Fig.3. The heat conductive material 38 was used with 
a control which was a commercially available thermal 
composition 16. As described in connection with Fig. 3, 
the cooling device 36 was placed in contact with the cir- 
cuit substrate 10, with the heat conductive material 38 
intermediate therebetween. It was found again that de- 
vice temperature increases could be reduced in compar- 
ison with those of the control using the thermal compo- 
sition 1 6 for the same amount of heating energy from the 
heater. That is, the use of the heat conductive material 
38 which was an emulsion and had high thermal conduc- 
tivity could improve the thermal conductivity and cooling 
efficiency. 

Because of the high electric insulation of the fine AIN 
powder, which is a highly heat conductive fine powder, 
the heat conductive material causes no short circuit. 

As an alternative to using AIN powder for the highly 
heat conductive fine powder, other highly heat conduc- 
tive fine powders may be used, for example, hexagonal 
boron nitride (BN) of about 1 00 - 300 W/m. K thermal con- 
ductivity and silicon carbide (SiC) of about 270 W/m.K 
thermal conductivity. The same effects can be achieved 
thereby. The liquid organic material was again silicone 
oil 26, but may be polypheny I ether and perfluoroalkyl 
polyether. 

Fig. 7 and Fig. 8 parallel Fig. 4 and Fig. 5 respec- 
tively as to the types of information conveyed. Here, the 
material of high thermal conductivity distributed in a liq- 
uid organic material is metal powder or alloy powder. The 
metal powder is preferably aluminium (Al), and the liquid 
organic material may be silicone oil. Aluminium is a ma- 
terial which exhibits a high thermal conductivity, as high 
as about 200 W/m.K. 

In the same way as with the previously described 
heat conductive material embodying this invention, Al 
powder and silicone oil 26 were sufficiently mixed by the 
homogenizer 28. The heat conductive material prepared 
by means of the homogenizer 28 was an emulsion suf- 
ficiently viscous not to leak between an object to be 
cooled and a cooling device 36. 

When the metal powder and the liquid organic ma- 
terial are mixed, because the specific gravities of the 
metal powder and the liquid organic material differ sig- 
nificantly, when the mixture is left for a long time, the met- 
al powder and the liquid organic material separate from 
each other. However, by the use of the homogenizer 28, 
the heat conductive material 38 is produced as an emul- 
sion in which the metal powder remains uniformly dis- 
persed in the liquid organic material for a long time. 

The thermal conductivity of the thus -prepared heat 
conductive material 38 was evaluated by the measuring 



device shown in Fig. 3. 

Fig. 7 shows the relationship between surface tem- 
perature increases of the model chip 32 and heating 
power output from the heater. In the control in Fig. 7, the 
s heat conductive material 38 is a commercially available 
thermal composition 16. The cooling device 36 is placed 
in contact with a circuit substrate 1 0 via the heat conduc- 
tive material 38 produced according to the present em- 
bodiment (using the thermal composition 16, for control 
purposes). The device temperature increases could be 
kept small for the same amount of heating energy when 
using heat conductive material 38. That is, by the use of 
the heat conductive material 38 which is an emulsion and 
has good thermal conductivity, improved thermal con- 
ductivity and improved efficiency of the cooling device 
36 can be achieved. 

Fig. 8 shows the time dependence of the heat resist- 
ance of the model chip when the model chip 32 was left 
in a humid environment equivalent to that determined for 
the first described heat conductive material 38 according 
to the present embodiment. There was no change in heat 
resistance even after being left for 1000 hours in the hu- 
mid environment. Thus, in a humid environment, oxida- 
tion and hydroxidation of the Al fine powder do not take 
place and the heat dissipation efficiency can be main- 
tained. 

Thus, fine Al powder, which is a fine metal powder 
superior in thermal conductivity to the conventional or- 
ganic polymer material, is mixed with silicone oil 26, to 
produce material 38 which can have good thermal con- 
ductivity. In addition, the mixed Al fine powder is sur- 
rounded by the silicone oil 26 and shielded from an out- 
side environment, so that the heat conductive material 
38 has good oxidation resistance and hydroxidation re- 
sistance. The material 38 has a high thermal conductivity 
which can be sustained for a long period of time. Other 
metals than Al can also be used. For example, the same 
effect can be produced by using fine powder of copper 
(Cu), whose thermal conductivity is about 450 W/m.K, or 
silver (Ag), whose thermal conductivity is about 500 
W/m.K. The liquid organic material again may be 
polyphenyl ether or perfluoroalkyl polyether as an alter- 
native to silicone oil. 

With the various forms of material embodying this 
invention, the resilience of the heat conductive material 
38 enables it to fill the gaps between an object to be 
cooled and the cooling device 36 even when the inter- 
face between the two is rough. Heat can be efficiently 
conducted away. 

When the heat conductive materials 38 according to 
the various embodiments described above are provided 
between the circuit substrate 10 and the cooling device 
36, higher cooling efficiency is achieved when both are 
adhered to each other. Higher cooling efficiency can be 
obtained by using the heat conductive material 38 ac- 
cording to the present embodiment between parts where 
high thermal conductivity is required. Parts where the 
heat conductive material is used are not limited to such 
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parts. For example, to directly cool an LSI chip, the heat 
conductive material may be provided between the water 
cooling bellows 18 and the LSI chip 12. 

Finally, a method for packaging electronic parts em- 
bodying the present invention will be explained with ref- s 
erence to Figs. 9A to 9C. 

A method for packaging electronic parts embodying 
the present embodiment is shown in Figs. 9A to 9C to 
involve connecting electronic parts 50 to studs 46 formed 
on a circuit substrate 10 using a connection material 52 io 
comprising a liquid metal and a liquid organic material 
intermediate therebetween. 

Thus, as shown in Figs. 9A and 9B, connection pads 
44 having a two-layer structure of nickel (Ni) and chro- 
mium (Cr) are formed on a circuit substrate 10 of alumina *5 
(A^O^Cr/Ni structure) on which electronic parts are to 
be packaged. Studs 46 with Ni wirethermo-compression 
bonded or ultrasonically bonded thereon are formed on 
the connection pads 44. Electronic parts 50 having 
rounded connection terminals 48 are to be electrically 20 
connected to such a circuit substrate by the connection 
material 52 comprising a liquid metal and a liquid organic 
material. 

In greater detail, first, the connection pads 44 having 
a two-layer structure of Ni and Cr in a 1 50 |im-diameter 25 
are formed on the circuit substrate 10 of alumina (Fig. 
9A). Ni wire of 100 ujn-diameter is thermo-compression 
bonded or ultrasonically bonded onto the connection 
pads 44 by a wire bonder, and the studs 46 are formed 
(Fig. 9B). 30 

The electronic parts 50 with the rounded connection 
terminals 48 formed on the underside thereof are elec- 
trically connected through the connecting material 52 of 
an electrically conducting heat conductive material (Fig. 
9C) to the thus-prepared studs 46 formed on the circuit 35 
substrate 10. The heat conductive material used is typi- 
cally prepared by mixing liquid Ga-ln eutectic alloy 24 
(75.5 wt% of gallium (Ga) and 24.5 wt% of indium (In) 
with silicone oil 26 as described hereinbefore with refer- 
ence to Figs. 1 and 2. 40 

In this state, electric resistances of the parts con- 
nected through the connection material 52 are meas- 
ured. Transient electric resistances are measured in a 
humid environment of 40 °C and 85 %RH. In a control, 
the same measurement is conducted on a sample in 45 
which the electronic parts were connected by only the 
liquid metal (Ga-ln alloy) without the liquid organic ma- 
terial mixed in. 

The electric resistances at the connection points 
were about 10 mQ in both the present embodiment, so 
where the mixture of the liquid metal and the liquid or- 
ganic material was used as the connection material, and 
with the control, with the liquid metal alone. After being 
left for 200 hours in a humid environment, the electric 
resistance rose in the control where the electronic parts 55 
were connected with the liquid metal alone, to values 
ranging to several Q. On the other hand, in the present 
embodiment where the Ga-ln containing liquid was used, 
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the electric resistance did not change even after leaving 
the joint for 1000 hours in the humid environment. 

This is because the liquid metal alone, is not being 
shielded from outside environments, is progressively hy- 
droxidized, and deformed and solidified. In the practice 
of the present invention, in which the liquid metal is sur- 
rounded by the liquid organic material the liquid metal 
is not deformed in a humid environment, and retains low 
electric resistance for a long time. 

Thus, in the practice of the present invention, be- 
cause the electronic parts 50 are electrically connected 
to the circuit substrate 10 by the emulsified connection 
material 52 having high thermal conductivity, even when 
there is a heat expansion coefficient difference between 
the electronic parts 50 and the circuit substrate 10, the 
connection material 52 can absorb stresses at the con- 
nections. The connection material 52 has some viscosity 
which prevents the material 52 from leaking from be- 
tween the electronic parts 50 and the circuit substrate 
10. Therefore, overall, the connections are more reliable. 

The connection material 52 which connects the cir- 
cuit substrate 10 and the electronic parts 50, is a liquid 
composite material comprising the liquid metal and the 
liquid organic material, so that the connection material 
52 has large contact areas at the connections. Even 
when the connections are reduced in size, the electronic 
parts can be stably packaged. The liquid metal, which is 
surrounded by the liquid organic material, is secluded 
from external influences, and can have oxidation resist- 
ance and hydroxidation resistance. Accordingly the con- 
nection material of low electric resistance can be used 
for a long time. 

The connection material 52, used between the elec- 
tronic parts 50 and the circuit substrate 10 is an emul- 
sion, and can connect the electronic parts 50 and the 
circuit substrate 10 at room temperature without heating 
or cooling. 

In the embodiment described with reference to Figs. 
9A and 9C, the liquid metal was the Ga-ln eutectic alloy 
24, but may be other liquid metals, metal powder or other 
substances such as described may be employed in the 
organic liquid. For example, the same effect can be 
achieved by using metal gallium, Ga-Sn alloys, metal 
powders, as of aluminium, silver, copper, etc. The liquid 
organic material was silicone oil, but typically may be 
polyphenyl ether or perfluoroalkyl polyether. 



Claims 

1. A heat conductive material comprising: 

an organic material which is liquid at room tem- 
perature; and either 

(a) a metal or an alloy which is liquid at room 
temperature and which is distributed throughout 
the organic material; or 
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(b) fine powder of a highly heat conductive 
material dispersed in the organic material. 

2. A heat conductive material according to claim 1, 
wherein the volume percentage of the liquid metal 
or alloy or of the fine powder is within the range of 
35-50 vol%. 

3. A heat conductive material according to claim 1 or 
2, wherein the organic material is silicone oil, 
polyphenyl either, or perfluoroalkyl polyether. 

4. A heat conductive material according to any preced- 
ing claim, wherein the metal or the alloy is gallium, 
a gallium-indium alloy, or a gallium-tin alloy. 

5. A heat conductive material according to any one of 
claims 1 to 3, wherein the fine powder of the highly 
heat conductive material is fine powder of a metal 
or an alloy. 

6. A heat conductive material according to claim 5, 
wherein the metal or alloy is selected from alumin- 
ium, silver, copper, an aluminium alloy, a silver alloy, 
or a copper alloy. 

7. A heat conductive material according to any one of 
claims 1 to 3, wherein the fine powder of the highly 
heat conductive material is fine powder of aluminium 
nitride, boron nitride, or silicon carbide. 

8. A method for producing the heat conductive material 
of any preceding claim comprising: 

a mixing step for mixing the metal or alloy 
which is liquid at room temperature, or the fine pow- 
der, with the organic material; and 

a dispersing step for dispersing the liquid 
metal or alloy or the fine powder throughout the 
organic material. 

9. A method for cooling electronic parts within an elec- 
tric circuit, comprising placing the electronic parts in 
contact with a cooling device by means of a heat 
conducted material according to any one of claims 
1-7 and cooling the electronic parts by operation of 
the cooling device. 

10. A method for cooling a circuit substrate with elec- 
tronic parts packaged thereon, comprising placing 
the circuit substrate in contact with a cooling device 
by means of a heat conducted material according to 
any one of claims 1-7 and cooling the circuit sub- 
strate by operation of the cooling device. 

11 . A method of supporting electronic parts when pack- 
aging them, which comprises forming connection 
pads on the surface of a circuit substrate, and plac- 
ing the connection pads in contact with connection 



terminals of the electronic parts by means of a heat 
conductive material according to any one of claims 
1-7. 
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